Abstract This brief paper uses a simple arithmetic framework to classify and explain the performance of developing countries in closing the absolute digital divide. Four categories are created on the basis of two variables, namely, the penetration and rate of growth of mobile phones. The paper answers questions such as: Which countries do well and badly on both variables? Are the countries in these categories drawn from specific regions or similar income levels or is the distribution more random? How can similar countries from the same region appear in two diametrically opposite categories? What does this imply for policy?
The Importance of the Digital Divide
Technology in general and information technology in particular constitute only one aspect of the general divide that separates rich and poor countries. But they are extremely important aspects of this gap. Technology, after all, is a factor that contributes in a major way to the difference in productivity and growth rates between developed and developing countries (as shown in the so-called empirical growth literature). The generation of new technologies occurs almost entirely in and for the former countries causing a divergence rather a convergence between these groups of countries. Information technology in the form of mobile phones and the Internet deserve particular scrutiny from this point of view. The reason is that they form part of what is known as general purpose technology (GPT) which affects not only household life but also the way in which firms from all sectors of the economy do business. Other GPT technologies include such major innovations as steam, electricity and internal combustion. As such, information technology has potentially enormous scope for raising well-being in developing countries. Reliable research in fact already indicates that mobile phones have a substantial effect on growth in developing countries and that the gains tend to accrue disproportionately in favour of the poorer members of this group (Waverman et al. 2005) .
Welfare Implications of the Absolute Divide
More fundamental to welfare is a comparison of absolute numbers of users in rich and poor countries. This comparison informs us of the differential extent to which inhabitants of these regions actually benefit from mobile phones. And this ultimately is what a digital divide should reflect (James 2009 ). Closing the relative divide is only an intermediate step in the larger process of eliminating the absolute divide between rich and poor countries.
The heavy focus of attention on the relative divide would be less problematic if it told us something about the behavior of the absolute divide. But this is not necessarily the case. It is quite possible for example to have a falling relative magnitude and a rising divide in an absolute sense.
The Behavior of the Absolute Divide
The variables that determine the pace of this divide in the case of mobile phones are penetration and growth rates in rich and poor countries (see formula below). These variables are used here to classify and hopefully explain the performance of developing countries over a quite recent 6 year period. Which countries for example perform relatively well on both penetration and growth rates? Which do poorly on both? Are the countries in these (and other) categories drawn from specific regions or similar income levels or is the distribution more random? How can similar countries from the same region appear in two diametrically opposite categories? These are some of the entirely new questions that this paper seeks to answer. First however let me describe some basic concepts.
Basic Concepts
Recall that the absolute gap in mobile phones is defined as the stock of this technology in developed countries minus the stock in developing countries. In order to determine the behaviour of this divide over the period from say 2000 to 2006 I need to compare two ratios. One is the ratio of the stock of mobile phones in the developed countries divided by the stock in developing countries and the other is the reverse ratio of growth rates in mobile phones between the two regions over the selected period. Table 1 shows two possibilities for a given developing country: one where the absolute divide falls and the other where it increases.
Note that this method is equivalent to saying that the absolute divide rises or falls depending on whether the absolute growth of mobile phones in developed countries is greater than the absolute growth in developing countries. Consider the following example where the stock of mobile phones in the former countries is 100 and in the latter 50. Growth in phones is equal to 10% in the developing and 4% in the developed countries. This means that the absolute divide falls: there is a growth of five phones in the poor countries and four phones in the rich countries i.e. 100 50 \ 10 4
Our method merely decomposes total growth of mobile phones into a stock and a flow component, which is useful when analyzing the performance of countries in later sections.
Intuitively, the idea is that for any given ratio of stocks, say ten to one, growth performance in the developing country has to be at least ten times greater than the developed countries if the divide is to shrink (and conversely). In general a narrowing of the absolute divide is more likely to occur the lower is the stock ratio and the higher is the growth differential. Developing countries will however vary in their performance along these two dimensions and this logically gives rise to the four possible combinations shown in Fig. 1 .
Note that 'high' and 'low' in the figure are defined with reference to the sample average in each case. The arrow connects the two diametrically opposite quadrants, 'high-high' and 'low-low'. Let us begin by analyzing the characteristics of the countries that fall into these two extreme groups. 
The Country Classification
The sample to be classified consists of 64 countries from the low and low-middle income categories of the World Bank. (2009) 1 The first part of the paper follows James (2009).
2 The list of countries is provided in the ''Appendix''. Initially, more than 64 countries were selected but the level of penetration of these additional countries at the beginning of the period was zero. Table 2 presents the countries in this sample, together with their per capita income levels. Table 2 gives a strong impression that the countries within it have not been randomly chosen. Rather, they exhibit a number of distinctive features. The first is that the countries listed are drawn from amongst the very poorest in the developing world (Iraq is an exception in that while it is a middle low income country, penetration has been severely hindered by the state). The second feature is that these ultra poor cases suffer from exceptionally low penetration rates (relative again to the low-income country average of the World Bank) The income level for example is well under half that of low-income countries as a whole while the same is true of the penetration rate. The above analysis draws attention to income as being the main common factor among the countries in the 'low-low' category. This finding is very much in line with crosscountry evidence on the role of income in explaining the variation in penetration rates of the Internet and mobile phones (Dewan et al. 2004; Dasgupta et al. 2002) . From the point of view of penetration rates, one might then expect the countries in the opposite 'goodgood' category to have sharply higher income levels. Such countries may indeed have escaped the form of poverty trap where low income constrains mobile phone adoption and the lack of this technology in turn keeps poverty at a high level (Countries are so poor, that is, that growth in mobile phones is impossible). Let us then examine which countries fall in the 'high-high' case and see if they conform to our expectations.
The 'Low-Low' Category
5.2 The 'High-High' Category Table 3 presents the countries in this category together with their per capita income levels. In terms of the average income of $ 1,588.8 there is a clear increase over the comparable figure in Table 1 . Around this average, however, is a wide dispersion of incomes. On the one hand there are indeed low-middle income countries with relatively high levels such as Libya and Algeria (see more on the latter below). The majority of countries in Table 3 however has incomes that are not that much higher than those in Table 2 (even when Mongolia is left out of the sample). I am referring here mainly to the Sub-Saharan group marked with an asterisk, which (apart from Angola) has an average income of $452 (I am also referring in this context to the P.D.R. of Lao and Bangladesh with incomes similar to the African average). The question is then: How can very similar countries appear in two diametrically opposite categories?
The general answer to this question is that income per head is not the only determinant of mobile phone penetration (or growth) in developing countries. Econometrically this was already clear in 2002 from the study by Dasgupta et al. which found that variations in penetration rates across countries had much to do with policy reform (and in particular with the liberalization of telecoms markets), as well as with variations in incomes 'Income remains a prime determinant of the digital divide, but our results suggest that appropriate economic and competition policies can sharply narrow the gap' (Dasgupta et al. 2002) .
Consider for example the role of regulation in Kenya as compared with some of the African countries in the category. In particular, Most African countries still have only one gateway operated by the incumbent with little or no competition. While some progressive states have opened up their markets to multiple service providers-Kenya has more than ten gateways and cheaper international calls as a result-at least four (Benin, Central African Republic, Sierra Leone and Zimbabwe) have gone in the opposite direction.
(Economist Intelligence Unit 2007)
More generally, competition increased in Kenya in the year 2000 when the privately owned mobile operator 'KenCell' was awarded the second GSM license. This policy initiative subsequently made mobile phones into Kenya's fastest growing industry. Two other African countries in Table 3 , Tanzania and Ghana, 3 also contain some of the most competitive mobile markets in the region. Note that in these cases GDP may be a more relevant determinant of competition than just GDP per person since a relatively large population size, especially in Kenya and Tanzania, gives rise to a more attractive market size from the point of view of foreign mobile operators. 4 Among the countries outside the Africa region in Table 3 , the P.D.R. of Lao also illustrates the role of competition and foreign firms in promoting the penetration and growth of mobile phones during the period at hand. In particular, after the market was opened up to competition in 2002 foreign capital began to emerge. Growth in mobile phones took off in 2003 and in the following 2 years the number of subscribers increased by a factor of seven. Another example that can be cited in this regard is Bangladesh which illustrates how a very poor developing country can find itself in the 'good-good' category. That reason is widespread sharing of mobile phones in very large numbers of villages as part of the well-known Grameen Telecom project.
The idea of the telecom project is to lend money to a [Grameen Bank] member in each village in Bangladesh for the purpose of purchasing a mobile phone. The phone owner then sells call-time to the other villagers, who, it seems, are willing to pay a relatively high proportion of their incomes on this service… Unlike many attempts to use IT for the benefit of the rural poor, the impact of Grameen Telecom extends well beyond the level of a particular village or region. In fact, some estimates suggest that *45 million villages in Bangladesh now have access to a mobile phone, thanks to the Telecom endeavour (James 2007 p. 290) . Still another example concerns India and the way in which that country has been able to facilitate network rollouts and increase coverage by allowing network sharing among mobile operators. One way in which this has occurred permits 'providers to spin off their passive network infrastructure in order to offer it to other providers in the market. This new passive network company receives good access to government subsidies in order to keep expanding its network' (Beardsley and Enriquez 2009, p. 70) .
High Achievers
From among the countries listed in Table 3 it is useful to identify those where the absolute digital divide is closing most rapidly (where, that is to say, the growth rate differential in the basic formula less the ratio in stocks is highest). The countries thus identified are shown in Table 4 .
By far the most striking case is Algeria where very rapid growth took place following liberalization of the state monopoly in 2000 (when the penetration rate was only 0.3%). In Syria as well this year marked a change in government policy towards the telecommunications sector. This category contains countries with relatively high penetration rates and low growth rates (see Table 5 ). Most notably it contains all but one of the thirteen countries from Latin America and the Caribbean, whose levels of income and rates of penetration happen to be high compared to the developing country average and the average of the previous category. 6 But with higher penetration rates tend to go lower growth rates as suggested by the historical experience of the now developed countries (as shown in Fig. 2) .
The point here is that when other things are equal growth is harder to achieve from a high than a low base. In addition there are at least a few countries from Latin America and The Caribbean where extensive liberalization of the telecommunications sector began rather late in the period at hand. I am referring here for example to Honduras and Nicaragua. Predictably, Sub-Saharan Africa is not well represented in this category. There are however a few exceptions, which indicate that above average penetration rates can not van be achieved at relatively low income levels (in 2006 for example Senegal had a penetration rate of 24.5%).
The 'Low-High' Category
Representing the opposite combination of low penetration and high growth, the last category seems better-suited to African countries and indeed this category is made up entirely of three such countries: Chad, Yemen and Burkina Faso. Africa thus becomes the only region with at least one country in each category (in contrast to Latin America and the Caribbean which is almost exclusively concentrated in just one category, as shown in the previous section).
Conclusions
This research note has used a simple arithmetic framework to classify the performance of developing countries in closing the absolute digital divide. Four categories were created on the basis of two variables, namely, the penetration of mobile phones and the rate of growth of this technology. The one extreme category, representing a below-average performance on both variables is made up primarily of especially poor developing countries, mostly from Sub-Saharan Africa. Similar countries, however, also form part of the other extreme category, where both variables perform relatively well. The anomaly was explained by invoking determinants of performance other than income such as the regulatory environment and market size. Of the two remaining categories the one denoting relatively high penetration and low growth contains the most entries. Almost all Latin American countries fall into this category which probably reflects the difficultly of achieving rapid growth in mobile phones when penetration levels are relatively high (here too though there were some exceptional cases). In the final category are a few African countries with low levels of mobile phone penetration but high growth rates of this technology. From a policy point of view the main conclusion is that neither the penetration nor the growth of mobile phones depends exclusively on incomes. Variables that are amenable to government influence also play a role.
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I am referring here mainly to policies such as privatization and liberalization of the telephone system that make the mobile phone market more competitive. One of the best examples in this regard is Jamaica whose growth rate in mobiles has far exceeded the growth rate achieved by most other developing countries. This exceptional performance seems to have had mainly to do with rapid liberalization of the telecommunications sector, which began in 1999 with the advent of competition in the wireless cellular market. This in turn led to lower prices and further adoption of mobile phones. Over the period between 1999 and 2005 the number of mobile phone subscribers in Jamaica grew at an annual average rate of almost 300%.
Governments can also require mobile phone operators to serve rural areas since it is there that phone adoption typically lags far behind in developing countries.
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